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1.0 PURPOSE

This John C. Stennis Space Center (SSC) standard (SSTD) outlines the qualified Gas Tungsten
Arc Welding (GTAW) procedure for use in welding Monel Alloy to Stainless Steel at SSC.

2.0 APPLICABILITY

This SSTD applies to all contractor and subcontractor personnel involved with the welding of
Monel Alloy to Stainless Steel at SSC.

3.0 REFERENCES
All references are assumed to be the latest version unless otherwise indicated.

ASME Boiler and Pressure Vessel Codes, Section 11, Materials

ASME Boiler and Pressure Vessel Codes, Section IX, Welding and Brazing Qualifications

ASTM A167, Standard Specification for Stainless and Heat-Resisting Chromium-Nickel Steel
Plate, Sheet, and Strip

ASTM A182, Standard Specification for Forged or Rolled Alloy and Stainless Steel Pipe
Flanges, Forged Fittings, and Valves and Parts for High-Temperature Service

ASTM A213, Standard Specification for Seamless Ferritic and Austenitic Alloy Steel Boiler,
Superheater, and Heat Exchanger Tubes

ASTM A240, Standard Specification for Chromium and Chromium-Nickel Stainless Steel Plate,
Sheet, and Strip for Pressure Vessels and for General Applications

ASTM A249, Standard Specification for Welded Austenitic Steel Boiler, Superheater, Heat
Exchanger, and Condenser Tubes

ASTM A269, Standard Specification for Seamless and Welded Austenitic Stainless Steel Tubing
for General Service

ASTM A270, Standard Specification for Seamless and Welded Austenitic and Ferritic/Austenitic
Stainless Steel Sanitary Tubing

ASTM A276, Standard Specification for Stainless Steel Bars and Shapes

ASTM A312, Standard Specification for Seamless, Welded , and Heavily Cold Worked
Austenitic Stainless Steel Pipes

ASTM A313, Standard Specification for Stainless Steel Spring Wire

ASTM A314, Standard Specification for Stainless Steel Billets and Bars for Forging

ASTM A320, Standard Specification for Alloy-Steel and Stainless Steel Bolting for Low-
Temperature Service

ASTM A336, Standard Specification for Alloy Steel Forgings for Pressure and High-
Temperature Parts

ASTM A358, Standard Specification for Electric-Fusion-Welded Austenitic Chromium-Nickel
Stainless Steel Pipe for High-Temperature Service and General Applications

ASTM A368, Standard Specification for Stainless Steel Wire Strand
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ASTM A376, Standard Specification for Seamless Austenitic Steel Pipe for High-Temperature
Service

ASTM A403, Standard Specification for Wrought Austenitic Stainless Steel Piping Fittings

ASTM A409, Standard Specification for Welded Large Diameter Austenitic Steel Pipe for
Corrosive or High-Temperature Service

ASTM AA473, Standard Specification for Stainless Steel Forgings

ASTM AA478, Standard Specification for Chromium-Nickel Stainless Steel Weaving and Knitting
Wire

ASTM A479, Standard Specification for Stainless Steel Bars and Shapes for Use in Boilers and
Other Pressure Vessels

ASTM A492, Standard Specification for Stainless Steel Rope Wire

ASTM A493, Standard Specification for Stainless Steel Wire and Wire Rods for Cold Heading
and Cold Forging

ASTM AS511, Standard Specification for Seamless Stainless Steel Mechanical Tubing and
Hollow Bar

ASTM AS554, Standard Specification for Welded Stainless Steel Mechanical Tubing

ASTM AS580, Standard Specification for Stainless Steel Wire

ASTM A632, Standard Specification for Seamless and Welded Austenitic Stainless Steel Tubing
(Small Diameter) for General Service

ASTM A666, Standard Specification for Annealed or Cold-Worked Austenitic Stainless Steel
Sheet, Strip, Plate, and Flat Bar

ASTM A688, Standard Specification for Seamless and Welded Austenitic Stainless Steel
Feedwater Heater Tubes

ASTM A774, Standard Specification for As-Welded Wrought Austenitic Stainless Steel Fittings
for General Corrosive Service at Low and Moderate Temperatures

ASTM A778, Standard Specification for Welded, Unannealed Austenitic Stainless Steel Tubular
Products

ASTM A793, Standard Specification for Rolled Floor Plate, Stainless Steel

ASTM AR813, Standard Specification for Single- or Double-Welded Austenitic Stainless Steel
Pipe

ASTM AR814, Standard Specification for Cold-Worked Welded Austenitic Stainless Steel Pipe

ASTM B127, Standard Specification for Nickel-Copper Alloy (UNS N04400) Plate, Sheet, and
Strip

ASTM B163, Standard Specification for Seamless Nickel and Nickel Alloy Condenser and Heat-
Exchanger Tubes

ASTM B164, Standard Specification for Nickel-Copper Alloy Rod, Bar, and Wire

ASTM BI165, Standard Specification for Nickel-Copper Alloy (UNS N04400) Seamless Pipe and
Tube

ASTM B366, Standard Specification for Factory-Made Wrought Nickel and Nickel Alloy
Fittings

ASTM B564, Standard Specification for Nickel Alloy Forgings
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ASTM B725, Standard Specification for Welded Nickel (UNS N02200/UNS N02201) and Nickel
Copper Alloy (UNS N04400) Pipe

ASTM B730, Standard Specification for Welded Nickel (UNS N02200/UNS N02201) and Nickel
Copper Alloy (UNS N04400) Tube

ASTM F96, Standard Specification for Electronic Grade Alloys of Copper and Nickel in
Wrought Forms

AWS Welding Handbook

FED QQ-N-281, Federal Specification: Nickel-Copper Alloy Bar, Rod, Plate, Sheet, Strip, Wire,
Forgings, and Structural and Special Shaped Sections

MIL-N-24106, Nickel Copper Alloy Bars, Rods, and Forgings

MIL-S-23195, Steel Bars and Forgings Corrosion Resistant

MIL-S-23196, Steel Plate, Sheet and Strip, Corrosion Resistant

MIL-T-1368, Tube and Pipe, Nickel-Copper Alloy, Seamless and Welded

MIL-T-23520, Tube and Pipe, Nickel-Copper Alloy, Seamless, Air Melted

SAE J405, Chemical Compositions of SAE Wrought Stainless Steels

SPR 1440.1, SSC Records Management Program Requirements

SPR 8715.1, Safety and Health Program Requirements

SSTD-8070-0005-CONFIG, SSC Preparation, Review, Approval, and Release of SSC Standards

SSTD-8070-0013-WELD, Classes of Welding Inspection

SSTD-8070-0014-WELD, Qualifying Welders and Weld Procedures

4.0 RESPONSIBILITIES

a. Users of this SSTD shall comply with its requirements, ensure use of the correct version
of this SSTD and the documents it references, and inform the appropriate organization of
needed changes in accordance with SSTD-8070-0005-CONFIG.

b. Responsibilities for the use and control of this SSTD and for the review and approval of
revisions or cancellation of this SSTD shall be as specified in SSTD-8070-0005-CONFIG
and the applicable documents referenced therein.

5.0 REQUIREMENTS AND PROCEDURES

a. This procedure shall be used for welding any UNS N04400 base metal (Monel 400)
meeting one or more of the following specifications:
AMS 4544, 4574, 4575, 4675, 4730, 4731
ASME SB127, SB163, SB164, SB165, SB564
ASTM B127, B163, B164, B165, B366, B564, B725, B730
FED QQ-N-281
MIL-N-24106, MIL-5-1368, MIL-5-23520
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b. The stainless steel to be welded shall meet one or more of the following specifications:

AISI 340L, 304, 316L, 316, 317L, 317, 321, 347, 348, XM-15, XM-21

AMS 5501, 5511, 5513, 5560, 5563, 5564, 5565, 5566, 5567, 5639, 5647, 5697, 7228,
7245

ASME SA-182, SA-213, SA-240, SA-249, SA-312, SA-320, SA-336, SA-351, SA-358,
SA-376, SA-403, SA-409, SA-430, SA-451, SA-479, SA-688

ASTM A167, A182, A213, A240, A249, A269, A270, A271, A276, A312, A313, A314,
A320, A336, A358, A368, A376, A403, A409, A430, A473, A478, A479, A492, A493,
AS511, A554, A580, A632, A666, A688, A793, A813, A814, A851, A774, AT778

SAE J405

UNS 530400, S30403, S30452, S31600, S31603, S31700, S31703, S32100, S34700,
S3480, S38100

c. Items denoted as essential variables in the attached weld procedure specifications (WPS)
shall not be altered when using the WPS. An alternate WPS may be used only if
approved prior to use by the NASA SSC Center Operations Directorate Project
Management Division (PMD), the NASA SSC Engineering and Test Directorate
(E&TD), and the NASA SSC Safety and Mission Assurance (S&MA) Office.

d. The attached Procedure Qualification Records (PQR), No. 34-041 Monel/SSteel/GTAW,
is the PQR for the original qualification of this WPS. When performing new
qualifications, a new PQR should be filled out showing all pertinent data and results of
the weld procedure qualification.

f. Welders shall be qualified in accordance with SSTD-8070-0014-WELD, Qualifying
Welders and Welding Procedures.

g. Inspection methods for welds shall be in accordance with SSTD-8070-0013-WELD,
Classes of Welding Inspection.

h. All procedures shall be performed in compliance with applicable requirements in SPR
8715.1, SSC Safety and Health Program Requirements. If ever there is a conflict between
this SSTD and the Stennis Procedural Requirement (SPR), the SPR shall superseded this
SSTD.
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6.0 RECORDS AND FORMS

Records and forms required by the procedures of this SSTD shall be maintained in accordance
with SPR 1440.1. All records and forms are assumed to be the latest edition unless otherwise
indicated. Forms may be obtained from the SSC Electronic Forms repository or from the NASA
SSC Forms Management Officer. Quality Records are identified in the SSC Master Records
Index.

The original, signed WPSs and PQRs (copies of which are provided in Attachments A and B of
this SSTD) shall be maintained in CEF.

7.0 ACRONYMS AND ABBREVIATIONS

AISI American Iron and Steel Institute

AMS Alpha Magnetic Spectrometer

ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
E&TD Engineering & Test Directorate

GTAW Gas Tungsten Arc Welding

MIL Military

NASA National Aeronautics and Space Administration
PMD Project Management Division

PQR Procedure Qualification Record

S&MA Safety & Mission Assurance

SAE Society of Automotive Engineers

SSC John C. Stennis Space Center

SSTD John C. Stennis Space Center Standard
SPR Stennis Procedural Requirements

WPQ Welder Performance Qualification

WPS Weld Procedure Specifications
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ATTACHMENT A: WELDING PROCEDURE SPECIFICATIONS (WPS)
ol it ASME - WELDING PROCEDURE SPECIFICATIONS (WPS)
John C. Stannis Space Center
Stennis Space Center, MS 3852865000
Wealding Frocadure Specification Record Nuribes Dinte : Revision Kummber o
304l _ [y _I®
Qusitied Ta Coumpany Name
ASME Boiler and Pressure Vessel Code Syncom Space Services
Supparing POR(E) o | Fefarance Docs.
I4-MONEL/SETEEL/AGTAW A
Scone Joird i
Welding Monel to Stainless Steel Single/Double ¥V Groove, Single/Double U Groowe, All filles
BASE METALS [ZW-103) THICKNESS RANGE QUALIFIED
Type Monel P-no 42  Grperio NUA s O WSS Ma m.'.""'"“’““"m
. Com Pan. 0. 1E8" 0.58" MNiA MNiA
Wieided To 55 3041 Poo. 8 Gpro 1 Gm;‘:: P AT AT J
Backing  Mone Fio. _ Gmene. _ limpsot Tested
Retainers  None {lmpact Tested
Motes Mo pass greater than 12.7 mm (1427 thick. {Fitlet Viedds MNoMin Mo Max
DIAMETER RANGE QUALIFIED
An-welded Wish PWHT
| Win W Mim Mo
|Mominal Fipe Size 17 Mo Max M N/A
|FILLER METALS [OW-104) ; THICKNESS RANGE QUALIFIED
{Procnss SFA  Classifcaticn F-io Ano. Chemical Anstysis of Trade Name . As-weded T
GTAW 514 ERNiCw7 42 Bare Sofid Wire NoMin 058" MiA A
;Cuns Inser ra— — — e
| Flux o S
|WELDING PROGEDURE - — I
Weiding Process GTAW |
Type Manusl 1
Minimum preheatimnrpass temparahune (°7F) BI°F
Maximum imérpass iemparatune FF) 200°F
Tungsten See i anz .
Tungsien Type | | THORIATED EWTH-2
Fillar Matal Size n ) | ' 1 T T -
Layer Number 1 1 1=T |
Faallion of Groaws 1 | a5
Vsl Progressian 1 | UPHILL
EureniFalarity i | BE { DOEN (-
Ampares o I T -
Walls 15-18 )
Trawal Speed (Injmin) 3-5ipm
Maximumm Fest Inpod jpng o
OC Puling Curert. I Mot Used
Shislfing.  Gas Type B — | ARGON 56.69% o
| FlowRaleom [ | 2045
Trilng  Ges Typs | WONE
Flow Rt (o) I T NONE
Backing:  Gaa Type ARGON 58 89%
Fiow Rata (i) | Z-15
Sinng or Yieave STRING BEAD
DOrificniGas Gup Size a8
utSingle Pass. por Side EITHER MULTI OR SINGLE | MAXIMUM DEPOSIT PER PASS 114"
Vali Depost Chemisry [
Nrtes T seetols~
550937 OHE01E Pags 05
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Mational Aeronautics and
Space Administration ASME - WELDING PROCEDURE SPECIFICATIONS (WPS)
John C. Sternis Space Center
Stennis Space Center, MS 39520-6000
Mlmﬁmﬁpﬂm Record Mumber !Daha- | Revision Mumoer |
34-04] 09202018 B =
Quatfied To | Comparny Mame
ASME Boiler and Pressure Vessel Code iS:.rnmm Space Services
BASE METALS {Qw-203)
Peaning Peening not used with this procedure, =
Surface Preparalion

Inltiallinterpass Clearing  See Notes **.

Back Gouging Method  Thermal or Mechanical if roquired, (Grind 1/18" if thermal.)

NOTES

Two layers of buttering shall be applied to the groove face of the stainless steel. Buttering shall be applicd with electrodes of
E-Ni-ﬂl..l’-']" and shall be done in the ﬂn_t p-agitinn.

Oscillation is not used with this procedure.
*Apply two layers of buttering to the groove face of the stainless steel. Repair. Grind followed by brushing with S5 brush. Repair per
this procedure or repair as directed by Engineer,

** Aluminum oxide grinding wheels only for mechanical grinding. Virgin 8/5 Brush 2" bath sides of weld joint; use only brushes and

grinding wheels not previously used on carbon steel when base metal being brushed or ground in stainless or a specialty alloy,

Signature 1 F i ; Signature 2

Enginesr Naime signdue | ] ~_{Cuality Name Signature

Doug Dike b i ¥ s Stephen Koch

= Lol o e i R

Ceate A S Date Y
0920118 (_f/ S o] |o9r20r1s _él__,_f W ;‘;. s
Signature 3 Signature 4

Caustomer Reviewar Namn Signaturm Customer Mame Signalure

Benjamin McGrath N
e — [ 1

Date | ¢ M i / Dete

09/20/18 | e/ | A~

B5C-837 (0202018) I Fege 2ol 3
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Maticnal Aeronautics and

Space Administration

John €. Stennis Space Center

Stennis Space Center, MS 389529-6000

-

ASME - WELDING PROCEDURE SPECIFICATIONS (WPS)

Groowve Angle: 50 to 75 dag Groove Angle: 37.5 1o 45 depg Groove Anglec 50 fo 75 deg
Rool :1M8 o M8 In, Root Opening: 116 to 310 in. Root Opening: 1118 to 316 in.
Root Face: 0 to 1/18 in Rool Face: 0 lo 1/16 in. Root Face: 0 to 146 in.
Misalignmenl: 1M18-in. max. Mizalignment: 1718-in. man, Misalignment: 1M8-in. max,

| Double-Bevel Groove I | Single-J Groove ] I Double-J Groove J

Grogve Angie: 37.5 to 45 deg
Root Opendng: 1416 to 318 in.
Rool Face: 0 o 116 n.
Misalignmentl: 1/18-ln. max.

L

Groove Angle: 375 to 45 deg
Groove Radiug: 38 In

Root Opening: 116 to 314 in,
Root Face: O to 1/16 In
Migslignment; 1/16-in. max,

Groove Angle: 37.5 to 45 deg
Groove Radue: 39 In

Root Opening: 1716 to 3186 in.
Root Faoa: D& 1/16 In
Mizalignmant: 171 8-in, max

Single-U Groove |

[ Double-U Groove |

Grogwe Angle: 80 fo TS deg
Groove Radiug: 308 in
Root Opening: 1116 to 316 in.
| Root Face: 0 1o 1118 in,
| Misafignment: 1/16-n, mes.

Groowe Radius: 378 In

Root Cpening: 1116 to 316 in.
FRoot Face: 00 1/18in
Misalignmant: 1/16-in. max.

 5SC-BET (U2201E)

] Filiet Weld T or Lap ]

—-—IF"_

l ]ll—h Gap
T~ 1

[' Gap: 1/18-in, max. ¢ Lag: Sx bar 1 In. min. F

Welding Procedure Specification Record Murnber | ate Revision Mumber |
34-041 |09/20/2018 B ,
Gualified Ta Camparny Mama
ASME Boiler and Pressure Vessel Code Syncom Space Services
Wetd Joint Desians |
!
[ Attachment #1
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ATTACHMENT B: WELDING PROCEDURE QUALIFICATION RECORD (PQR)

QW-483 SUGGESTED FORMAT FOR WELDING PROCEDURE QUALIFICATION RECORD {PQR}

(See OW-201.2, Section IX. ASME Boiler and Prossue Vesssl Codel

Record Actusl Conditions Used te Weld Tast Coupon
Company Kams . Jahnson Controls Werld Sorvices Inc.
| Lt pad POI L0 = —ER L = SR i
jglire Quallficatlion Record Mo__ 34-MOMEL/SSTEELSGTAW _ Date_ 07-15-1993
WFS No._ = 14-041
Welding Processies) B GTAY
Types (Manual, Automsable, Semi-Auto) Manual
JOINTS  [¢W=40E)
L TR
\< rd
. ;l
J-QN:I. L 1 {
— [ ¥ {280
o ot = [ i
1.umgoqa-:J I
—i = B-dmmd. 197
BASE METALS ((W-403) POSTWELD HEAT TREATMENT ({f-407)
Material Spec. _ NS NO4400 te S3I0403 Temperature HOT APPLICARLE
Type or Grade _Monel 400 to 304L Timm
F-Ko.___ 42 - to P-No._ B Othar
Thickness of Test Coupon SCH 40 (.280%) _
Diameter of Test Coupen 160 mm (&™)
GRS (OWH-103)
Percent Composition
Gas (=) (Mixtura) Flow Rate
Shielding ARGON 99, 99% 0.566m' /b (20CEH)
FILLER METALS ({W-404! Tralling N/A o
SFA Specification SEA=5.14 Backlng _ARGOM 9. 994 0.991m"/h (3ISCEH)
AWS Classifiearion LB _HiCu=1 Filler ELECTRICAL CHARACTERISTICS (OW-40%)
Metal F-Mo, B Waid Matal Current £
Analysi=s A-No. MiCu . Size of Fillaer Polarity DCEN {=]
Metal 2,.3mm (3/32") & 3.lam (1/B7) Other Amps . ig - 138 valts 15 - 18
. _Depasited Weld Metal Tungsten Elactrode Size_ 2.dmm  (3/327)
= Other
POSITION (QW-405) TECHNILHE (QW=410)
Position of Graawe 53 ) Travel Spoed 75 - 125 sm/min 13 - & L.p.m.}
Weld Frogresslon (Uphill, Downhill] UPHILL String or Weave Bead  String Bead
Other Oscillation Wot Applicable .
o Multipass or Single Pass (per side) _Multiple
FREMEAT (0QW-406) Single or Multlple Electrodes Zingle
Preheat Temp. TS Othor Applled two layers of buttering Eo the groove
Intorpass Temp. 200° F MAx = face of the stainless steel. Applied with specified
b — slectrodes in the flat pogition.
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POR No. 34-Monel/SSteel/GTAW

Qw-483 (Back)

‘ ||' Tenaile Test (QW-130)

TVitimate Ultimake ".'thar.alcter of
5 Width T ine Are Total Load Tnit Stress Failure &
',p‘!:lm im, hlc':ll :wﬁs "_ ;‘ﬁ 1b pai Location
Mg
T4 (0,497 (0,277 6.1377 10, 300 14,800 EASE
T 2 10, 505) {0.2083) h.1429 10,700 14,878 BASE

Guided Bend Teata [OW-=160)

Type and Figure Mo, Result
SIOE  BEWND oW 462.2 1 SATLSERCTORY
SIDE BEKD O 462.2 2 SATISFACTORY
SITE HEHD oW 4622 3 SATISTACTORY
51DE BEWD ol 462.2 4 SATISEACTORY

Toughness Teata (OW-1T70)

Spec loen Hekch Notch Test impact Lateral Exp. Drop  Waight

W Location Type TEMmE . Values 4 Shear Mils Ereak Mo Braak

HiA

T

FILLET WELD TEST (QW-180)

Rasult = Satisfactory __ N&:{eﬁs. - Penetration into Farent Metal TEEWa

Type and Character of Failure Macro-Resultz

Welder's Nams BILL BUFKIN ) __Clock Wo.__ 2735 _Stamp Ha. W -1

Test= conducted by: MECHRNICAL TEST LARCOAATORY Laboratary Test Ho. 07F05.1 (.2}
par:

We certify that the statements in this record are correct and that the test welds were prepared, welded and te
in accordance with the requirements of Section IX of the ASME Coda.

Zigned_Jehnson Controls World Services
HERnTactuTeL |

‘! [ Date -

RELEASED - Printed documents may be obsolete; validate prior to use.



